Abstract. In order to study the across characteristics of DFIG under the voltage fault conditions, using a wind power system simulation model consist of six 1.5MW doubly-fed wind turbines. Take a simulation analysis on the power change caused by the voltage and current fluctuation of each node of the grid and wind farm under four failure conditions, which including wind speed mutate, grid voltage sag, single-phase ground fault, three-phase short circuit fault. Analyze transient characteristics of DFIG system when voltage dropped. Reveal the operating state and change rule of DFIG working on these four failure conditions as above.
Introduction
At present, the wind turbine is very active in the research field of wind power system. Use the MATLAB/SimPowerSystems to build a DFIG wind power system [1, 2] . The model consists of six 1.5MW DFIG wind turbines. Simulate and analyze the transient operation characteristics of DFIG during the grid fault process when wind speed mutates and grid voltage drops [3, 4] .
Transient Characteristics of Grid-side Converter
On the base of variable-speed constant-frequency wind turbine, increase transient characteristics of converter and then can describe control characteristics of rotor-side converter for doubly-fed wind turbines [5] .
( ) 
The reference value 
The active power output of the grid-side converter is 
The active power output of the rotor converter is 
The superscript (s) indicates that the stator voltage is oriented. After the stator voltage orientation is adopted, the power control of the grid-side converter is no longer decoupled form.
According to whether or not to consider the stator transient of the induction motor, the grid-side converter transformer can adopt transient or steady state model. In steady-state description, take the stator voltage as reference, the current of the grid-side converter is: 
It is considered that the transformer is connected with Y/Y and has not considered the phase shift. When using other connection mode, the phase relation can refer to the reference. Set Td 
The form of linearization is:
The last need is to determine the stator voltage, the outlet power of doubly-fed wind power generator is ( )
Expand it ( ) 
The result of linearization is: 
The electronic current and the transformer current are all constrained variables.
At this point, it has been given the constraint equations for all state variables and algebraic variables of the DFIG.
Transient Operation Characteristics of DFIG during the Grid Fault Process
The wind farm consists six 1.5MW doubly-fed wind turbines, the output voltage of the doubly-fed wind turbine is 575kV, through the boost transformer, and the voltage rose to 25kV. 25kV voltage through 30 km transmission circuit and then a boost transformer, at this time the grid voltage reached 120kV, conduct grid-connected operation when grid voltage is 120kV. The reference value of power capacity in the simulation is 100MV·A, which is equivalent to assume that the wind power penetration level is about 10%.
For the system simulation, study the operating characteristics of DIFG under different fault conditions. According to the simulation waveform, the transient model of DIFG is verified. When the system fails, the doubly-fed generator will have certain fluctuation effect on the grid voltage.
Transient Operation Characteristics of DFIG When Wind Speed Mutates
In the process of simulation, assume that the operating point of each wind turbines are the same, that is the wind speed is same at the same time point. The following is the simulation results of DFIG in the "voltage regulation" grid-connected operation mode under the condition of wind speed rise.
Parameter setting of wind speed mutation. Set the wind speed increased from 8m/s to 14m/s in the fifth seconds.
Simulation waveform. Simulation waveform analysis. From Fig. 1(a) , it can be found that the wind speed increased from 8m/s to 14m/s after the fifth seconds, the stator voltage is always stable at 0.9 values, but under the influence of the power load, the grid voltage has 0.2% drop in the 120kV grid. In Fig. 2 , the voltage has more than 1% drop on the 120kV side, while the output voltage on the 575kV side is constant, this means wind speed mutation has less impact on grid voltage drop. In Fig. 1(a) , the amplitude of stator current rises to 0.7pu after the 21 seconds. In Fig. 1(d) , at this time the actual wind speed is greater than the rated wind speed. Under the adjustment of pitch angle, the motor runs at a slip ratio of about -0.2 and feeds 0.2 times the stator power to the grid. From Fig. 1(b) , the active power output of the wind farm is 9MW. From Fig. 1(c) , when the wind speed rises suddenly, the stability of the DC voltage is very good, the average value is maintained at a constant value of 1200V. Therefore, it can be explained that the DFIG system can be operated normally and stably under the condition of wind speed mutation.
Transient Operation Characteristics of DFIG When Grid Voltage Drops
Amusing that during the simulation period of 5~6s, the voltage of 120kV wind power access point has a drop of 15%, wind speed is the same as above, and the DFIG is operated under the condition of "voltage regulation". The following is the simulation results of grid-connected wind farm operation under the condition of grid voltage drop.
Parameter setting of grid voltage drop. Set the grid voltage drop 0.15pu at the period of 5~6s, and observe the time variation of the amplitude. Set the grid voltage drop parameter of three-phase programmable voltage source, and the module is a three-phase zero impedance voltage source.
Simulation waveform. Set the grid voltage drop 0.15pu at the period of 5~6s, and observe the time variation of the amplitude. Set the grid voltage drop parameter of three-phase programmable voltage source, and the module is a three-phase zero impedance voltage source. Simulation waveform analysis. From the simulation results in Fig. 4 , during the fault occurrence period of 5~6s, the voltage of 120kV wind power access point has a drop of 15%, this corresponding to a voltage drop of about 8% on a 25kV line. Through Fig. 3(a) can be found, the stator current of DFIG appeared 0.3pu transient impulse current in 5s, the generator stator current steady rise after the end of the fault. Fig. 3(b) shows that the active power of wind farm is less affected by the grid voltage drop, but the reactive power is greatly affected by the drop of the grid voltage, it has a large transient impact.
Summary
Doubly-fed wind generator is a kind of relatively reliable wind turbine generator, the frequency of the rotor-side excitation voltage can be adjusted by frequency converter according to the change of wind speed. In the design of low voltage ride through application of doubly-fed wind power generation system, it is required to consider the impact of fault to the wind power system, and design a reasonable strategy to make the wind farm work under low voltage condition. Therefore, the power generation system has a certain dynamic adaptability to the fluctuation of grid voltage and the change of wind speed. At present, many domestic manufacturers have been installed DFIG with low voltage ride through (LVRT) function, so when the system fails, the wind farm can always run online by column, also confirmed the DFIG model more suitable for wind farms.
